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摘 要 
锂离子电池和钠离子电池具有很大的应用前景，但其常见的三类负极材料存在
一些问题限制了他们的进一步发展。常见的嵌入型材料通常容量较低、合金化材料体
积变化严重和稳定性差、转化型材料存在大的体积变化和电势滞后，采用纳米化、碳
材料复合等方法无法从本质上解决这些问题，因此开发新的负极材料具有重要意义。
金属有机框架（MOFs）材料是由金属离子和有机配体配位形成的具有三维结构的多
孔材料，具有丰富的结构，其结构有利于离子的快速传输，并且其金属中心离子和有
机配体均有可能作为储锂（钠）的位点，因此有望成为新的锂（钠）离子电池负极材
料。在本文中，我们选择了由铁离子和对苯二甲酸构筑的 MOFs 材料 MIL-53(Fe)作
为研究对象，研究其作为锂（钠）离子电池负极材料的电化学性能。本文主要进行了
以下几个方面的研究： 
1、MIL-53(Fe)材料作为锂（钠）离子电池负极材料的探究。通过水热反应制备
了对苯二甲酸基 MOFs 材料 MIL-53(Fe)，研究了其作为锂（钠）离子电池负极材料
的可行性。发现 MIL-53(Fe)作为锂离子电池负极材料时，具有一定的电化学活性，
但对苯二甲酸根的电化学活性未能表现出来。在电流密度为 100 mA g-1 进行充放电
时，可逆比容量为 310 mAh g-1。作为钠离子电池负极材料时，其未能表现出电化学
活性，几乎释放不出容量。因此需要对该材料进一步改性。 
2、还原氧化石墨烯改善 MIL-53(Fe)材料的电化学性能研究。我们通过原位生长
的方法制备了 MIL-53(Fe)和还原氧化石墨烯的复合材料 MIL-53(Fe)@RGO，研究了
该复合材料作为锂（钠）离子电池负极材料的电化学性能。发现作为锂离子电池负极
材料时，MIL-53(Fe)@RGO 在 100 mA g-1 的电流密度下，可逆比容量可以达到 550 
mAh g-1；在 2 A g-1 时，可逆比容量依然可以达到 300 mAh g-1 左右。作为钠离子电
池负极时，MIL-53(Fe)@RGO 在 50 mA g-1 的电流密度下充放电的可逆比容量达到
210 mAh g-1 左右，在充放电 100 圈后，比容量为 163 mAh g-1。因此，还原氧化石墨
烯可以显著改善 MIL-53(Fe)材料作为锂（钠）离子电池负极材料的电化学性能。 
3、对 MIL-53(Fe)和 MIL-53(Fe)@RGO 的电化学过程进行研究，探究 RGO 在活
化有机配体电化学活性过程中的作用。通过 SEM、循环伏安、XPS、EIS 等技术手段
研究了材料充放电前后的变化情况，结果表明了 RGO 活化了 MIL-53(Fe)的对苯二甲
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酸有机配体，使其表现出更好的电化学性能，MOFs 材料作为锂离子电池或钠离子电
池的负极材料具有一定的可行性。 
关键词：锂离子电池；钠离子电池；MIL-53(Fe)；石墨烯 
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Abstract 
Lithium ion batteries and sodium ion batteries have attracted many researchers’ 
attention. However, there are some problems for the three main kinds of anode materials, 
which limit their application. The capacity of insertion materials is usually low. And large 
volume change of alloying materials leads to low cycle stability and short lives. As for 
conversion materials, potential hysteresis is an issue needs to be solved. Although some 
methods such as nano technology and carbon composites have been adopted to solve the 
problems, they can just improve the performance but not fundamentally solve the problems. 
So it is necessary to develop novel proper anode materials. Metal organic frameworks 
materials (MOFs) are a class of crystalline coordination polymers composed of organic 
ligands and metal-containing nodes, which own three-dimensional structure and are 
convinced to contribute to rapid transportation of ions. Otherwise, the metal ions and 
organic ligands are likely to serve as lithium storage sites. So, MOFs may be potential anode 
materials of lithium ion batteries and sodium ion batteries. In this thesis, we choose MIL-
53(Fe), which is made of iron ion and terephthalic acid ligands, to study the electrochemical 
performance as the anode materials of lithium ion batteries and sodium ion batteries. Main 
contents of this thesis include: 
1. Study on MIL-53(Fe) as anode material for lithium ion batteries and sodium ion 
batteries. MIL-53(Fe) was prepared via hydrothermal reaction, and the electrochemical 
performance of this material has been studied. As anode material of lithium ion batteries, it 
is found that MIL-53(Fe) shows a certain electrochemical activity. A reversible specific 
capacity of 310 mAh g-1 can be delivered at a current density of 100 mA g-1. However, the 
electrochemical activity of MIL-53(Fe) is inhibited when it was considered as the anode 
material of sodium ion batteries. Therefore, it is necessary to further modify the material. 
2. Study on the electrochemical performance of MIL-53(Fe)@RGO. MIL-
53(Fe)@RGO composites were prepared through in-situ growth method. As the anode 
material of lithium ion batteries, the porous three dimensional material MIL-53(Fe)@RGO 
delivers a specific capacity of 550 mAh g-1 at a current density of 100 mA g-1 and a reversible 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
IV 
 
specific capacity of 300 mAh g-1 can be maintained even at a current density of 2 A g-1. As 
the anode material of sodium ion batteries, a discharge capacity of 210 mAh g-1 can be 
delivered at a current density of 50 mA g-1, and a specific capacity of 163 mAh g-1 can be 
maintained after 100 cycles. Therefore, it is confirmed that RGO can significantly improve 
the electrochemical performance of MIL-53(Fe). 
3. The electrochemical processes of MIL-53(Fe) and MIL-53(Fe)@RGO were 
investigated to explore the role of RGO in activating organic ligands. The change of 
materials during discharging/charging has been observed through SEM, CV, XPS, EIS and 
other technical means. The results show that RGO is able to activate the electrochemical 
avtivity of organic ligands, which improves the electrochemical performance of MIL-53(Fe). 
 
Key words: Lithium ion battery; Sodium ion battery; MIL-53(Fe); RGO 
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